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Supplementary Materials and Methods
Skeletal preparations. Specimens were fixed with 95% ethanol, stained with alcian blue, processed with KOH and stained with alizarin red, and cleared in glycerol as previously described (1).
In situ hybridization. Specimens were fixed in 4% paraformaldehyde in PBS with tween-20 and dehydrated in methanol. Details of the whole-mount in situ hybridization protocol are previously described (2) . Section in situ hybridization were performed as previously described (3).
Transient transfection and si-RNA mediated knockdown. P19 embryonal carcinoma cells were synchronized by mitotic selection. SMRT construct were transfected by using lipofectamine 2000 (Invitrogen, USA). si-RNA pool to SMRT and ezh2 were obtained from Dharmacon and delivered to P19 EC cells by using HiPerFect reagent at final 75nM concentration.
Gene expression analysis. DNA-free total RNA was used to generate cDNA and analyzed by SYBR green based-quantitative PCR. Relative mRNA level is calculated with mRNA level of housekeeping genes (36B4 or cyclophilin).
Chromatin Immunoprecipitation Assays. Details of ES cell, mouse liver, and somites ChIP methodology are in SI Appendix, supplementary methods. The amounts of genomic DNA and PCR cycles used were determined to be within a linear range of amplification. Each ChIP experiment was repeated three times with reproducible results.
Pharmacological treatments. All-trans retinoic acid, BMS-493 and Ro 41-5253 were obtained from Sigma and Biomol International. Specified amounts of retinoids were diluted in sesame oil and administered to pregnant dams by oral gavage.
Vitamin A deficiency. Mice were maintained on Harlan Teklad TD.86143 diet for at least 3 months after pregnancy. Livers were collected for gene expression studies and ChIP assay.
Embryonic somites and ES cell ChIP assay. ChIP assay were performed as previously described (4) . Briefly, axial somites were carefully dissected under microscope and frozen immediately in liquid nitrogen. After genotyping, somites from same genotype were pooled and incubated in PBS containing 1% formaldehyde at room temperature for 10min, and glycine was added to stop the reaction. Cells were lysed by homogenization and nuclei were pelleted and resuspended in sonication buffer. The samples were sonicated to reduce the DNA size to between 200bp to 500bp. After centrifugation, 10% of total chromatin was saved for normalization. All other chromatin sample was precleared for 4hr at 4C and further immunoprecipitated with 1~3 ug of antibody (HDAC3, Santa Cruz biotech; jmjd3, Abgent AP1022a; ezh2, H3K9me3, H3K27me3, Abcam) at 4C for overnight. The immune complex was collcted by the protein A/G sepharose beads and washed with fast IP buffer for 6 times. The chromatin was eluted, purified and used as a template for quantitative PCR.
Mouse liver ChIP assay. Mouse liver was collected in cold phosphate-buffered saline (PBS) and immediately minced with a razor blade. The minced liver tissue was crosslinked in 1% formaldehyde at room temperature for 10 min with constant rotation.
The cross-linking was stopped with 125 mM glycine for 5 min at room temperature, followed by centrifugation and washing the pellet twice with ice-cold PBS. The pellet was resuspended in hypotonic solution (10 mM Hepes pH 7.9, 1.5 mM MgCl2, 10 mM KCl, 1 mM EDTA, 1 mM dithiothreitol, 0.15 mM spermine, 0.5 mM spermidine, 5% sucrose, and protease inhibitors), dounce homogenized, and layered onto a cushion buffer (10 mM Tris-HCl pH 7.5, 15 mM NaCl, 60 mM KCl, 1 mM EDTA, 0.15 mM spermine, 0.5 mM spermidine, 10% sucrose, and protease inhibitors) for centrifugation. The pellet was resuspended in SDS lysis buffer (1% SDS, 2 mM EDTA, 50 mM Tris-HCl pH 8.0, and protease inhibitors), and sonicated with 70% output for 40 sec to reduce the DNA length to 0.3 to 1.5 kb. Soluble chromatin fragments were centrifuged and diluted 3 times with dilution buffer (20 mM Tris-HCl pH 8.0, 2 mM EDTA, 200 mM NaCl, 1% TritonX-100, 0.1% Na-deoxycholate). Chromatin was precleared in the presence of 20 μl of normal serum, 2 μg of salmon sperm DNA, and 45 μl of a 25% protein A-Sepharose slurry. Precleared chromatin samples were subjected to immunoprecipitation at 40C overnight in the presence of 2-3 μg of antisera for SMRT (abcam, ab5800), RAR (Santa Cruz Biotech) AcH3 and AcH4 (Upstate Biotechnology). After the immune complexes were collected by incubation in 45 μl of a 25% protein A-Sepharose slurry and centrifugation, the beads were washed sequentially TSE I (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl pH 8.0 and 150 mM NaCl), TSE II (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, and 500 mM NaCl), buffer III (0.25% LiCl, 1% NP40, 1% Na-deoxycholate, 1 mM EDTA, and 10 mM Tris-HCl pH 8.0), and twice with TE buffer (10 mM Tris-HCl pH 8.0 and 1 mM EDTA). The chromatin immune complexes were eluted by incubation in elution buffer (100 mM NaHCO3, 1% SDS) at room temperature of 20 min. The eluted DNA-protein cross-links were reversed in 200 mM NaCl at 650C for at least 6hrs. Proteins were digested by proteinase K (Invitrogen) at 65°C for 1hr. The DNA was purified by phenol/chloroform extraction and precipitated with ethanol. The pellets were resuspended in 50 μl of TE, and 5 μl of this was used as a template in PCR. The following primers were used for amplification of Cyp26a1 RARE, 5'-GACCAAGGTAACGTGGGCAGTAAC-3' and 5'-GCCTCCCGCGCCACCTG-3'.
Whole mount neurofilament staining. Whole-mount neurofilament staining was performed and visualized with 3-3′-diaminobenzidine tetrahydrochloride/NiCl2 (5).
List of primers used. 
